Background
==========

Breastfeeding is the perfect way to nourish infants and protect them from illness \[[@B1]\]. Documented benefits to the nursing mother include a reduction in the risk of breast and ovarian cancer \[[@B2]\]. Other studies have identified various risk factors associated with a decreased duration of breastfeeding. Among those were smoking habits during pregnancy \[[@B3]\], Caesarean delivery \[[@B4],[@B5]\], low socio-economic status \[[@B6],[@B7]\], low maternal education \[[@B8]\], and employment \[[@B9]\].

In addition it has been reported that maternal burden of dichlorodiphenyldichloroethylene (DDE), a metabolite of the pesticide dichlorodiphenyltrichloroethane (DDT), is related to a shorter breastfeeding duration possibly by an endocrine disruptive effect \[[@B10]-[@B12]\]. An endocrine disrupter has been defined by U.S. Environmental Protection Agency as \"an exogenous chemical substance or mixture that alters the structure or function(s) of the endocrine system and causes adverse effects at the level of the organism, its progeny, populations, or subpopulations of organisms, based on scientific principles, data, weight-of-evidence, and the precautionary principle\" \[\[[@B13]\], p. ES-1\]. The finding that DDE was demonstrated to affect duration of breastfeeding raise the suspicion that oral contraceptives (OC), frequently used endocrine disruptors, may also be associated with breastfeeding duration. Indeed, studies have shown that OC use after pregnancy was related to a decreased duration of breastfeeding \[[@B4],[@B14]\]. However, no study has yet examined the effect of OC use before pregnancy on length of breastfeeding. The objective of this study was to investigate whether use of OC before pregnancy reduces the total duration of breastfeeding.

Methods
=======

In 1994/95, a 3-year follow-up study of school children was initiated to monitor environmental health risk \[[@B15]-[@B19]\]. Parents of 1,091 second grade school children in 18 townships were invited to participate in this study. We obtained permits from the Data Protection Agency of the State of Hamburg, Germany; from the Ministry of Cultural Affairs of Hesse, Germany; and from the local school committees. Informed consent, according to the requirements of the Ethical Committee of the Board of Physicians and the Data Protection Agency of the State of Hamburg, was obtained from all participating parents. The study population consisted of 663 mothers of the index school children residing in Hesse, Central Germany. Women who adopted the index child were not interviewed about breastfeeding.

Trained personnel conducted face-to-face interviews with the mothers, retrospectively ascertaining health and living conditions. The interview questionnaire was based on the standardized questionnaire used in the European Studies on Fertility and Subfecundity \[[@B20]\]. The following variables were considered in this analysis: mother\'s age at delivery (\< 20, 20--24, 25--29, ≥ 30 years); mother\'s education (high school or less, some college, and college graduate or higher); date of conception, date of delivery, outcome of index pregnancy; maternal age at menarche (≤ 11 years old, 12--15 years old, ≥ 16 years old); smoking habits during pregnancy (none, yes); planning this pregnancy (no, undecided, yes); and use of OC before pregnancy (none, yes), and its timing before pregnancy (0--3, 4--12 months before conception). Information on the type of OC (combined estrogen/progesterone or progesterone only) or its brand name was not collected. To determine birth order (one, two, three and more), the date of birth of each index child was positioned within the reproductive history of the mother. No mother reported a stillbirth before the birth of the index child. Regarding breastfeeding, we asked whether the child was breastfed, if so, the duration of exclusive breastfeeding (no other source of food) and the total duration of breastfeeding. The duration was collected in weeks. For descriptive purposes, breastfeeding duration was grouped into none, 0--2 months, 3--5 months, 6--12 months, and more than 12 months.

Proportions and average values were used for description. To estimate effects on duration of breastfeeding, we used proportional hazard regressions (survival analyses) to assess hazard ratios (HR) and their 95% confidence intervals. The HR reflects the relative risk of stopping breastfeeding conferred by each independent variable. The survival analyses also provided estimates of median breastfeeding duration for individual risk factors.

The risk factor of interest was OC use. To estimate HR, the following confounders ware taken into account: maternal age, socio-demographic characteristics, smoking during pregnancy, maternal age at menarche, planning this pregnancy and birth order. Since risk factors related to shorter duration of breastfeeding may change in the course of the reproductive history, we additionally stratified for birth order (one versus two and more).

Information on breastfeeding was collected only from women who breastfed. However, some mothers may have categorized themselves as non-breastfeeders if they had early difficulties and stopped breastfeeding in the few days following birth. We assumed that a combined analysis that included non-breastfeeding as zero duration in a time-to-stop breastfeeding analysis (survival analysis) may partially overcome this misclassification. However, in addition, we also tested the association of the risk factors for breastfeeding excluding non-breastfeeders. The SAS statistical package version 9.1 was used to conduct the data analysis \[[@B21]\].

Results
=======

In the index school children, 671 of 1,091 participated in the study (61.5%). A total of 663 women were interviewed; 639 provided information about their reproductive history including oral contraceptive use; 37 were not the natural mother of the index child and were not asked about breastfeeding. Of the remaining 602, information on breastfeeding duration was gathered from 575 mothers. In the following, we focused on total duration of breastfeeding. At delivery, the age range of women was 15 to 38 years with a mean age of 27.3 years (Table [1](#T1){ref-type="table"}). Among participants, 34.9% had high school education or less, 10.4% had more than two children, and 30.1% smoked during pregnancy. Menarche before the age of 11 years was experienced by 13.5%. About half of the women who used OC were between 25 and 29 years old while 43.7% of the participants who used OC had some college education. In 62.8% of the OC users and 48.7% of the non-users, the index child was the first offspring. Smoking during pregnancy was reported in 37.6% of the OC users and 24.9% of the non-users. Among OC users 79.9% planned to become pregnant, 6.8% were undecided, and 13.3% did not plan to conceive (Table [1](#T1){ref-type="table"}). Compared to users (79.9%), a lower proportion of non-users (68.8%) had a planned pregnancy.

###### 

Study participants characteristics with and without oral contraceptive use in the 12 months before conception

  ----------------------------------------------------------------------------------------------------------
                                 **No oral contraceptive use**\   **Oral contraceptive use**\         
                                 **(n = 341)**                    **(n = 234)**                       
  ------------------------------ -------------------------------- ----------------------------- ----- ------
  **Age at childbirth**                                                                               

   \< 20                         10                               2.9                           5     2.2

   20--24                        67                               19.7                          82    35.0

   25--29                        146                              42.8                          104   44.4

   ≥ 30                          118                              34.6                          43    18.4

                                                                                                      

  **Education**                                                                                       

   ≤ High school                 113                              33.6                          86    37.1

   Some college                  134                              39.9                          114   49.1

   ≥ College graduate            89                               26.5                          32    13.8

   Missing                       5                                                              2     

                                                                                                      

  **Birth order**                                                                                     

   1                             166                              48.7                          147   62.8

   2                             126                              36.9                          76    32.5

   ≥ 3                           49                               14.4                          11    4.7

                                                                                                      

  **Menarche**                                                                                        

   ≤ 11 years old                38                               11.3                          39    16.7

   12--15 years old              280                              83.3                          183   78.2

   ≥ 16 years old                18                               5.4                           12    5.1

   Missing                       5                                                              0     

                                                                                                      

  **Smoking during pregnancy**                                                                        

   Yes                           85                               24.9                          88    37.6

   No                            256                              75.1                          146   62.4

                                                                                                      

  **Planned pregnancy**                                                                               

   Yes                           234                              68.6                          187   79.9

   Undecided                     35                               10.3                          16    6.8

   No                            72                               21.1                          31    13.3
  ----------------------------------------------------------------------------------------------------------

Oral contraceptive use in the 4 to 12 months prior to conception was reported by 21.9% of the women, within 3 months by 18.4% (Table [2](#T2){ref-type="table"}). Approximately 81% (468/575) of women initiated breastfeeding. In breastfeeding women who did not use OC, the median duration of breastfeeding was 14 weeks. In comparison, the median breastfeeding duration was 12 weeks in women who used OC in the 4 to 12 months before conception, and 8 weeks in those who used OC in the three months prior to conception. Longer breastfeeding was reported for women who were older at the birth of their index child. Also higher maternal education was related to longer breastfeeding. Smoking during pregnancy was related to a higher proportion of non-initiating breastfeeding (25.4% vs. 15.7%). Among breastfeeding women, those who smoked during pregnancy had a shorter duration of breastfeeding (median 8 weeks) than those that did not smoke during pregnancy (15 weeks). Approximately 24% of women with high school or less reported no breastfeeding initiation versus 7.4% with at least college education. Breastfeeding duration was comparable for those who planned to become pregnant (12.0 weeks) and those who did not plan the pregnancy (12.0 weeks). About 18% of women who planned their pregnancy reported no breastfeeding initiation and 20.4% who did not plan to become pregnant (Table [2](#T2){ref-type="table"}).

###### 

Proportions of no breastfeeding and median duration of breastfeeding

                                                **Total**   **Women not breastfeeding**   **Women breastfeeding**         
  --------------------------------------------- ----------- ----------------------------- ------------------------- ----- --------------
  **Oral contraceptive use before pregnancy**                                                                             
   No                                           343         59                            17.2                      284   14 (2, 72)
   0--3 months                                  106         18                            17.0                      88    8 (2, 48)
   4--12 months                                 126         30                            23.8                      96    12 (2, 50)
                                                                                                                          
  **Age of the mother at birth**                                                                                          
   \< 20 years                                  15          3                             20.0                      12    8 (3, 28)
   20--24 years                                 149         26                            17.4                      123   9 (2, 42)
   25--29 years                                 250         46                            18.4                      204   12 (3, 56)
   ≥ 30 years                                   161         32                            19.9                      129   16 (2, 78)
                                                                                                                          
  **Mother education \***                                                                                                 
   ≤ High school                                199         48                            24.1                      151   8 (4, 78)
   Some college                                 248         48                            19.3                      200   12 (2, 52.5)
   ≥ College graduate                           121         9                             7.4                       112   24 (4, 78)
                                                                                                                          
  **Birth order**                                                                                                         
   1                                            313         50                            16.0                      263   12 (2, 52)
   2                                            202         42                            20.8                      160   15 (2, 75)
   ≥ 3                                          60          15                            25.0                      45    15 (2, 78)
                                                                                                                          
  **Menarche \***                                                                                                         
   ≤ 11 years old                               77          22                            28.6                      55    12 (1, 52)
   12--15 years old                             463         80                            17.2                      383   12 (2, 56)
   ≥ 16                                         30          5                             16.7                      25    15 (2, 78)
                                                                                                                          
  **Smoking during pregnancy**                                                                                            
   Yes                                          173         44                            25.4                      129   8 (2, 50)
   No                                           402         63                            15.7                      329   15 (2, 60)
                                                                                                                          
  **Planned the pregnancy**                                                                                               
   Yes                                          421         76                            18.1                      345   12.0 (2, 56)
   Undecided                                    51          10                            19.6                      41    12.0 (2, 45)
   No                                           103         21                            20.4                      82    12.0 (2, 56)

\* Missing values are not shown for maternal education (7) and menarche (5)

Compared to those who did not use OC in the 12 months before pregnancy and controlling for confounders, mothers who used OC during the 3 months preceding conception had a shorter duration of breastfeeding (HR = 1.3; 95% CI: 1.03, 1.61; Table [3](#T3){ref-type="table"}) with an adjusted median time of 5.47 weeks. Mothers who stopped OC use in the 4--12 months before conception (HR = 1.3, 95% CI: 1.02, 1.58) had an adjusted median duration of 6.13 weeks. Smoking during pregnancy was also related to shorter duration of breastfeeding (HR = 1.36; 95% CI: 1.13, 1.65); so was a lower education (HR = 1.4; 95% CI: 1.15, 1.71). Higher maternal education showed a statistically significant protective effect on breastfeeding duration (HR = 0.67; 95% CI: 0.53, 0.83). The proportion of women who continued breastfeeding shows that the difference among the three OC groups is established in the first few weeks and remains proportional thereafter (Figure [1](#F1){ref-type="fig"}).

![**Time windows of oral contraceptive (OC) use before conception:** \-\-\-\-\-\-\-\-\-- No oral contraceptive use. \_\_\_ \_\_\_ \_\_\_ 4-12 months prior conception. \_\_\_\_\_\_\_\_\_\_\_ Less than 4 months prior conception.](1746-4358-3-29-1){#F1}

###### 

Relation between risk factors and breastfeeding duration (n = 563)

  **Risk factors^\#^**                                **Hazard ratios (95% CI) (stopping breastfeeding)**   **p-value**          
  --------------------------------------------------- ----------------------------------------------------- -------------------- ---------
  Oral contraceptives (months preceding conception)   None (reference)                                      1                    
                                                      0--3                                                  1.29 (1.03, 1.61)    0.03
                                                      4--12                                                 1.27 (1.02, 1.58)    0.03
  Mother age at pregnancy                             20--24 years (reference)                              1                    
                                                      \< 20 years                                           1.11 (0.65, 1.91)    0.69
                                                      25--29 years                                          0.93 (0.78, 1.11)    0.44
                                                      ≥ 30 years                                            4.11 (0.56, 29.80)   0.16
  Maternal education                                  Some college (reference)                              1                    
                                                      ≤ High school                                         1.40 (1.15, 1.70)    \< 0.01
                                                      ≥ College graduate                                    0.66 (0.53, 0.83)    \< 0.01
  Birth order                                         1                                                     1.08 (0.90, 1.30)    0.38
                                                      ≥ 2 (reference)                                       1                    
  Smoke during pregnancy                              No (reference)                                        1                    
                                                      Yes                                                   1.36 (1.13, 1.65)    \< 0.01
  Age at menarche                                     ≤ 11 years                                            1.00 (0.99, 1.00)    0.13
                                                      12--15 years (reference)                              1                    
                                                      ≥ 16 years                                            1.00 (1.00, 1.01)    0.12
  Planned pregnancy                                   No (reference)                                        1                    
                                                      Yes                                                   1.06 (0.88, 1.29)    0.53

^\#^Hazard ratios for specific risk factors were estimated controlling for all other independent variables presented in the table.

When stratifying for birth order (one, two and more), the HR for using OC during the 3 months preceding conception was stronger for the first pregnancy (HR = 1.38, 95% CI: 1.01, 1.87) than for pregnancies with a higher order (HR = 1.19, 95% CI: 0.84, 1.69; data not shown). Contrary to this finding, OC use in the 4--12 months before conception was no longer statistically significant (HR = 1.14, 95% CI: 0.86, 1.5) for the first pregnancy, but was important for later pregnancies (HR = 1.78, 95% CI: 1.23, 2.57). The association of maternal education and duration of breastfeeding did not change after stratification by birth order. Maternal smoking during pregnancy showed no statistically significant hazard ratio for breastfeeding after the first pregnancy (HR = 1.23; 95% CI: 0.89, 1.44), but an increased hazard ratio for smoking during pregnancy with higher parity (HR = 1.65, 95% CI: 1.22, 2.23). To stratify for planning this pregnancy, we grouped the variable into planning and no planning; the latter included undecided women and women with no intention to conceive. Interestingly, OC use showed no effect on duration of breastfeeding in women who did not plan their pregnancy or who were undecided. However, the associations between OC use and breastfeeding duration in women who planned their pregnancy did not differ from the findings in the total sample (Table [3](#T3){ref-type="table"}). In other words, after stratifying for planning this pregnancy, the HR of stopping breastfeeding among those who used OC did not change.

When excluding non-breastfeeders from the analyses (excluding zero duration), only minor changes occurred in estimated hazard ratios (data not shown). The association between OC use during the 3 months preceding conception and breastfeeding duration became stronger (HR = 1.45, 95% CI: 1.27, 1.86), whereas the hazard ratio for OC use in the 4--12 months before conception did not substantially change (HR = 1.23 compared to HR = 1.27; Table [3](#T3){ref-type="table"}).

Discussion
==========

Oral contraceptive use in the 12 months before pregnancy, smoking during pregnancy, and lower maternal education were related to a shorter duration of breastfeeding. To our knowledge no study has yet reported an association between use of OC before pregnancy and lower duration of breastfeeding.

One of the limitations of this study is the possibility of information bias as a result of recall bias, since the participants where asked about their reproductive history when the child was 7--9 years old. However, trained personnel conducted the interviews and helped to assess the most accurate time when the women started and stopped using OC. Nevertheless, some women might have forgotten the time when they started using OC and at what time they ceased. In addition, duration of breastfeeding may be subject to recall bias. However, studies have demonstrated that maternal recall of breastfeeding does not deteriorate substantially over time \[[@B22]-[@B25]\]. Nonetheless, there is no reason to assume that the recall of OC use varied in mothers with different durations of breastfeeding or vice versa. Hence, this non-differential misclassification is likely to underestimate the association between OC use and breastfeeding duration. Another limitation of this study is that we do not have data about some potential confounders such as type of OC, work status, Caesarean section, pacifier use, sore or bleeding nipple, and lack of partner support.

In this analysis, 575 of the 663 mothers participated in the reproductive interview and were included; 88 were not included, because of missing information or not being the biological mother. When comparing these two samples, there was no difference with regard to age and smoking during pregnancy (data not shown). However, participating women were more highly educated: 57% of the non-participants did not have high school education compared to only 35% of the participating women. Since the educational level was related to breastfeeding initiation, it is possible that the increased proportion of better educated women has augmented the proportion of breastfeeding women and the duration of breastfeeding. Such an educational difference is often seen in surveys \[[@B25]\]. However, it is unlikely that this selection affected the association between oral contraceptive use and breastfeeding duration, since non-OC use was more prevalent in women with college education (Table [1](#T1){ref-type="table"}). There was also a significant difference in birth order distribution in the two samples: 54.4% of the participating women had one child whereas only 34.3% of the non-participating women had one child. Compared to women who did not use OC, the proportion of women who used oral contraceptives before their first pregnancy was higher (62.8% vs. 48.7%, Table [1](#T1){ref-type="table"}). Hence it is possible that in our sample OC users were overrepresented due to more women with their first pregnancy. However, since birth order was not related to duration of breastfeeding (p = 0.36, Table [3](#T3){ref-type="table"}), a potential over-representation of women who had one child should not have biased the association between OC use and breastfeeding duration. Also Shawky and Abalkhail reported that parity was not related to duration of breastfeeding \[[@B4]\].

The proportion of breastfeeding initiation identified in our study (81.4%) is comparable to findings by the German Health Interview and Examination Survey for Children and Adolescents. Across all age groups, 76.7% of German children were breastfed \[[@B26]\]. Based on another study, Bergmann and colleagues stated that 92% of their participants were ever breastfeed \[[@B27]\]. Kersting and Dulon conducted a cross sectional study to assess the breastfeeding promotion in hospitals in Germany \[[@B28]\]. They reported that 95% of the mothers start to breastfeed at birth. At the day of discharge, 86% were still breastfeeding. The proportion decreased to 56% at the age of 4 months. Our study shows a decrease of breastfeeding from 80% to 71% at 4 months.

Regarding education and smoking during pregnancy, our findings are in agreement with prior reports \[[@B3],[@B8],[@B26],[@B29]\]. A German study reported that lack of breastfeeding was associated with lower maternal education \[[@B8]\]. In addition, the German Health Interview and Examination Survey showed that the proportion of ever-breastfed children was significantly lower in mothers from socially disadvantaged population groups \[[@B26]\]. Taylor and colleagues, using the 1995 National Survey of Family Growth in the United States, demonstrated that mothers who breastfed their children had more years of education than women who did not breastfeed \[[@B29]\]. This implies that education level may be a factor in breastfeeding initiation across Western cultures.

Only in women who planned their pregnancy (n = 421) the HRs for OC use in the 4--12 months before conception and OC use immediately before conception (0--3 months) were statistically significantly elevated. This finding suggests that the effect of OC use on the duration of breastfeeding is not explained by the status of pregnancy planning. On the contrary, the use of OC seems to be more frequent in women who planned their pregnancy. The reason may be that OC use provides a better control option. Hence, the stratification put forward the notion that the diminishing effect of OC use on duration of breastfeeding is not a shared intentional characteristic of a life style, but an unintentional effect.

Regarding smoking, in agreement with other studies we found that a lower proportion of mothers who had smoked during pregnancy initiated breastfeeding (Table [2](#T2){ref-type="table"}) \[[@B3],[@B8],[@B26]\]. For a cohort of 1,098 Brazilian infants, Horta et al showed that maternal smoking reduced feeding duration \[[@B3]\]. A German study illustrated that breastfeeding duration of less than 4 months was associated with smoking during pregnancy \[[@B8]\]. In a sample of mothers from the United States, Vio et al reported that smoking during pregnancy reduces daily milk output by about 250--300 mL \[[@B30]\]. A potential explanation is an endocrine disrupting mechanism, namely that smoking increases dopamine secretion in the hypothalamus, which leads to a reduction in prolactin levels and thus reduced milk output \[[@B31]\].

A study from Saudi-Arabia showed that OC (type of OC not specified) use after delivery diminish the duration of breastfeeding \[[@B4]\]. Briend et al found that the use of a combined oral contraceptive (0.5 mg norgestrel and 0.05 ethinyl estradiol) significantly increased breastfeeding cessation \[[@B14]\]. Other studies stated that OC use shorten the duration of lactation and decrease human milk production \[[@B32],[@B33]\]. Ingram and colleagues found a negative effect of higher estradiol levels at 4 weeks of lactation \[[@B34]\]. It has been suggested that estrogens block the action of prolactin on lactation \[[@B35],[@B36]\]. In order to produce milk, prolactin is released. It then acts on human breast tissue to produce milk by binding to mammary epithelial cell receptors \[[@B37]\].

Our results add to the evidence that oral contraceptives may reduce breastfeeding duration. It is possible that oral contraceptive act via endocrine disruption. This proposition requires the initiation of long-term changes in sex steroid hormone levels by oral contraceptive use before pregnancy. In support of a long-term effect, Keski-Nisula et al showed that oral contraceptive use within one year before pregnancy increased estradiol (non-significant) and progesterone levels (statistically significant) during pregnancy \[[@B38]\]. Hence, it is biologically plausible that oral contraceptive use before pregnancy may affect hormone levels that then interfere with breastfeeding duration.

Our findings are in agreement with a prior report that endocrine disruption, for instance by DDE in maternal serum may be related to lower initiation rates and shorter duration of breastfeeding \[[@B10]-[@B12]\]. An alternate explanation is that both oral contraceptive use and a shorter duration of breastfeeding may represent lifestyle related conditions. For instance, women whose reproductive history is restricted by occupational or financial obligations may decide to plan their conception more carefully and may also reduce the duration of breastfeeding. The use of OC may give women more control over their lives and the risks of pregnancy and childbearing. Our results do not allow us to distinguish the effects of endocrine disruption or lifestyle choices in the association between oral contraceptive use before pregnancy and shorter duration of breastfeeding. However, to promote breastfeeding, there is a need to better understand which of the two mechanisms affect lactogenesis.

Conclusion
==========

These results suggest that in mothers who used oral contraceptives in the 12 months before conception, duration of breastfeeding was shorter compared to mothers who did not. Other risk factors for breastfeeding cessation were smoking during pregnancy and low level of maternal education. In the light of the established benefits of breastfeeding for mother-infant dyad, there is a need to better understand and prevent adverse effects of xenoestrogens and/or lifestyle choices on lactogenesis.
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